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HEAT TRANSFER DEVICE FOR WATER
RECOVERY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefits of and priority,
under 35 U.S.C. §119(e), to U.S. Provisional Application Ser.

No. 61/635,316, filed Jun. 4, 2012, entitle “WATER RECOV-
ERY SYSTEM AND METHOD,” herein incorporated by

reference 1n 1ts entirety for all purposes.

FIELD OF THE INVENTION

The invention relates to a water recovery system and
method of recovering water from ambient air. More particu-
larly, the invention relates to an apparatus/device and method
using a desiccant solution to extract water from the air, and
then separating the water from the desiccant. The recovered
water may be treated to obtain potable water. A byproduct of
the system and method 1s a stream of dehumidified air that
may be used for conditioning an interior airspace within a
man-made structure.

BACKGROUND OF THE INVENTION

Potable water 1s often difficult to obtain 1n many locations
throughout the world. In and climates, there 1s simply a
shortage of water and 1f water 1s available, 1t may difficult to
make the water potable water without extensive water treat-
ment resources. Even 1in wet climates, potable water may be in
short supply because of the lack of treatment equipment.
Unfortunate events such as war or general political contlict
within a country often results in diminished infrastructure
that would normally have the capability to provide potable
water.

There are a number of known solutions for obtaiming
potable water by removing water vapor from the ambient air.
One known method includes passing an airstream over a cool
surface to condense the water vapor. This technique 1s well
known, for example, 1n heating, ventilating, and air condi-
tioming units (HVAC). In these types of systems, the con-
densed water however 1s usually considered as waste mate-
rial, and 1s disposed of.

The use of solid and liquid desiccants 1s also known for
extracting water from air. In a closed loop process, ambient
air 1s passed through a chamber containing a desiccant soaked
media. As the air passes 1n contact with the media, moisture
from the air stream 1s removed by absorption 1nto the desic-
cant. Heat 1s then applied to the desiccant media to vaporize
the captured moisture. The water vapor 1s transported away
from the chamber, and then condensed and collected. The
desiccant 1s therefore re-concentrated and can be reused 1n a
next water recovery etfort.

Water recovery systems include the use of both solid and
liquad desiccants. In liquid desiccant systems, one goal 1s to
increase the exposed surface area of the desiccants to the air
stream 1n order to maximize water vapor removal. One
method of achieving this 1s to spray the liquid desiccant 1n a
mist onto the media. However, a misting device adds to the
complexity and cost of the system. Systems with solid forms
of desiccants may provide a more compact construction.
However, solid desiccants have relatively small exposed sur-
face areas thereby limiting the capability to remove water
vapor Irom a passing air stream.

One example of areference that discloses the use of a liquid
desiccant for recovering water from an airstream 1s the U.S.
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Patent Application Publication No. 2011/0232485. The ret-
erence provides a composite desiccant material formed by a
porous polyvinyl alcohol (PVA) foam or non-woven sheets of
fiber soaked 1n a solution of a hygroscopic desiccant such as
calcium chloride (CaCl). The desiccant 1s held 1n pores of the
fiber material ranging 1 size from 50 microns to 1000
microns. The fiber material 1s provided in sheets arranged in
a stack 1n a multi-chamber system. During an absorption
phase, atmospheric or ambient air tlows through the chamber.
The water vapor 1s removed through contact with the desic-
cant, and 1s held in the fiber material. In a water recovery
phase, energy 1s added to the chamber 1n the form of heat in
order to release the water from the desiccant by evaporation.
Fans circulate air through the chamber, and eventually into a
water recovery chamber within a condensing area. Water 1s
recovered 1n the condensing area, and the dried or water lean
airstream leaving the chamber may be used to condition a
man-made structure. As also set forth in this reference, a
control system can be used to operate fans within the water
recovery system when conditions of humidity and the remain-
ing capacity of the desiccant stack are conducive to an eifi-
cient charging operation to remove water from the ambient
air. The control system may also 1nitiate a regeneration cycle
when the availability of low grade heat energy and the degree
of saturation of the desiccant are conducive to removing water
from the desiccant, that 1s, when the degree of moisture in the
chamber 1s high enough relative to the temperature of an
available cold source for an efficient condensing operation.
U.S. Patent Application Publication No. 2011/0232485 1s
herein icorporated by reference 1n its entirety for all pur-
poses.

Another example of a patent reference that discloses a
method and device for recovering water from ambient air 1s
the U.S. Pat. No. 6,156,102. Specifically, this reference dis-
closes separating water from air by the use of a liquid desic-
cant to withdraw water from air, treatment of the liquid des-
iccant to produce water, and regenerating the desiccant for
subsequent use. In one preferred embodiment, the method
disclosed includes providing a hygroscopic solution compris-
ing a solute 1n an 1nitial concentration; contacting the hygro-
scopic solution with ambient air containing water to obtain a
water rich hygroscopic solution having a concentration of
solute less than the initial concentration and a water lean
airstream; separating the water lean airstream from the water
rich hygroscopic solution; releasing the water lean airstream
to the atmosphere; and treating the water rich hygroscopic
solution to obtain water and to return the hygroscopic solution
to 1ts original state for re-use. U.S. Pat. No. 6,156,102 1s
herein incorporated by reference 1n its entirety for all pur-
poses.

As described 1n the U.S. Pat. No. 6,156,102, the effective-
ness of liquid desiccants can be expressed in terms of both
their “drying efliciency” and “drying capacity”. Drying effi-
ciency 1s the ratio of total water exposed to the hygroscopic
solution as compared to the amount of water removed. The
drying capacity 1s the quantity of water that a unit mass of
desiccant can extract from the air. The drying efficiency and
drying capacity of a hygroscopic solution 1s 1n part dependent
upon the pressure of the water vapor in the air and on the
concentration of the solute. In general, a hygroscopic solution
having a high concentration of solute and thus a low partial
pressure ol water vapor 1n the solute, more quickly absorbs
water from air having a higher partial pressure of water vapor.
Accordingly, the hygroscopic solution has an initial drying
eificiency that 1s relatively high. As water continues to be
absorbed during a water recovery process, the partial pressure
of the water vapor 1n the solution increases and the rate of
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water absorption slows down. Eventually, the hygroscopic
solution and the air may reach equilibrium, and no more water

will be absorbed by the hygroscopic solution. In a desiccant
regenerative process for the hygroscopic solution, the col-
lected water 1n the hygroscopic solution must be removed.
U.S. Pat. No. 6,156,102 1s herein incorporated by reference in
its entirety for all purposes.

While the prior art may be adequate for 1its mntended pur-
poses, there 1s still a need for a water recovery system and
method that takes advantage of a modular construction in
order to provide an 1ntegral capability to control parameters
for efficient recovery of water from an ambient airstream.
There 1s also a need to provide a construction that 1s easily
adaptable to maximize water recovery for a specific applica-
tion or situation. There 1s also a need to provide a water
recovery system and method 1n which pre-established logic
can be used to control a water recovery device based upon
known environmental factors and taking into consideration
the necessary amount of water to be produced. There 1s yet
turther a need to provide a device and method that requires a
mimmum amount of energy for operation, and 1s conducive to
accepting forms of waste heat for operation. There 1s also a
need to provide a water recovery device and method that 1s
reliable, simple to operate, and requires minimum nterven-
tion for daily operations. There 1s also a need to provide a
water recovery device and method that 1s easy to transport,
deploy and commission. There 1s also a need to provide a
water recovery device in which monitoring of the concentra-
tion of the liquid desiccant solution 1s achieved automatically,
in order to timely and efficiently recover water once the liquid
desiccant solution has reached 1ts water saturation limit. Dur-
ing the regenerative phase of a desiccant solution, 1t 1s pret-
erable that the concentration of the desiccant does not become
too high, which otherwise could result 1n crystallization or
solidification of the liquid desiccant resulting 1n a reduced
eificiency of the device until the desiccant chemical can be
placed back into 1its optimal concentration with water.

SUMMARY OF THE INVENTION

The present mvention includes a system and method for
recovering water from an ambient airstream. Additionally, the
invention achieves dehumidification of the airstream by
removal of the water. The device 1s characterized by a group
or stack of trays that hold an amount of liqud desiccant 1n
cach tray. A foam media absorbs or wicks the desiccant to
increase the exposed surface area between the desiccant and
the airstream that 1s passed through an enclosed chamber that
holds the desiccant trays. A number of fans and dampers or
valves are used to control the airflow through the chamber.

Operation of the device includes two cycles. The first cycle
1s a charge cycle 1n which ambient air 1s passed through the
chamber, across the desiccant stack, and back to the environ-
ment. The desiccant causes water vapor 1n the airstream to be
taken up and held in a foam media matenal that holds the
desiccant. In a preferred embodiment, the desiccant1s a liquid
solution of CaCl and water that 1s impregnated into the foam
media. The foam media may include a thin sheet of PVA that
1s arranged 1n an accordion folded manner to increase the
surface area of the sheet that 1s exposed to the airstream. Once
the desiccant media has absorbed a suificient amount of water
from the airstream, an extraction cycle 1s mitiated to recover
water from the desiccant solution. In this cycle, the chamber
1s 1solated from the ambient air, and energy i1s added to the
chamber 1n order to vaporize the water from the desiccant
solution. In addition to heat energy, the interior pressure of the
chamber may be reduced to lower the evaporation tempera-
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ture required to vaporize the water. For example, a fan can be
used to remove an amount of air within the chamber, and then
the chamber can be sealed to maintain the lower pressure
state. One or more fans circulate the air within the chamber
across the desiccant media to increase the rate of evaporation.
When the internal temperature of the chamber exceeds a dew
point temperature, relative to the external ambient conditions,
a condensing circuit 1s enabled to condense the water vapor
from the internal chamber air. The extraction cycle may also
be referred to as a regeneration cycle 1n which the removal of
water from the desiccant solution regenerates the desiccant
placing 1t 1n a condition for re-use in which the concentration
of the desiccant 1s returned to an optimal percentage.

Heat energy may be added to the chamber through a water
or glycol-based heat exchanger. There are several possible
sources ol heat energy that can be used to include solar
collectors, photovoltaic cells, waste heat from nearby 1ndus-
trial sources, electrical heaters, and gas heaters, among oth-
ers.

The condensed water 1s captured, and may be further
treated 1n order to make potable water. For example, the
recovered water may be filtered, exposed to an ultra violet
light source, mineralized, chlorinated, or may be otherwise
treated to make the water safe for consumption.

A controller 1s used to integrate and manage all system
functions and nput variables to achieve a high efliciency of
operational energy use for water output. The controller uses
sensor inputs to estimate the amount of water 1n the system,
the power used, the power stored, and the relevant external
and internal environmental conditions such as temperature,
pressure, humidity, sunlight/darkness. During the extraction
cycle the controller 1s used to control heat energy added to the
chamber and to also control the condensing rate to therefore
sustain continuous operation for recovering water from a
previous charge cycle. The controller may take advantage of
sensor mputs and software that incorporates a number of
algorithms to maximize efficiency of operation. For example,
the algorithms may synthesize these inputs to control heat
energy added to the chamber 1n a manner that mimmizes
energy usage from heat delivery systems and from fans and
other internal components. During the charging cycle, similar
inputs and algorithms can be used to control power consump-
tion of fans and other internal components and to ensure a
maximum water uptake.

For both system cycles, the algorithms may define optimal
operating conditions for a known geographical area and a
known calendar date which comprises historical data regard-
ing average temperature, humidity, and sunlight/darkness
conditions. From these algorithms, a baseline operating
sequence can be established, and then modified by actual
environmental conditions at the time. The controller receives
multiple inputs that measure temperature, humidity, and pres-
sure of the device during operation. Consequently, the con-
troller manipulates outputs to efficiently operate the device by
controlling outputs such as fans, dampers, and heat energy
added to the device. During an extraction or regeneration
cycle, the controller monitors the amount of water removed
from the chamber to ensure that too much water 1s not
removed that could result in a high desiccant concentration
and crystallization of the desiccant.

In another aspect of control, the invention may include a
system 1n which one or more devices may commumnicate with
remote computing devices within a communications net-
work. These remote computing devices can be used to assist
in control of the device(s) and to gather data from the devices
or to send updated commands for device operation. Accord-
ingly each controller may further include a wireless transmis-
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s1ion and recetving capability. In this regard, a system of the
invention may therefore also include multiple devices, each
of the devices having a wireless communication capability.

In another aspect of control, the invention may include
“location based” capabilities 1n which Global Positioning
System (GPS), magnetometer or other location based sub-
systems are used to 1dentity location and orientation of the
installed system. This information can be used to further
exploit data about geographical and/or weather conditions to
enable better system efficiencies. For example, knowledge of
orientation and duration of sunlight, directions of prevailing
winds, etc may be used to obtain better efficiencies for solar
energy extraction and minimized fan power needs, respec-
tively.

In another feature of the invention, the device has a modu-
lar construction 1n which the desiccant trays can be arranged
in a desired configuration. Further, the modular construction
takes advantage of uniform sized tubing and couplers/tlanges
that allow for easy assembly and disassembly of the device.
Further, the fans and dampers may also be of uniform con-
struction, therefore allowing interchangeability among com-
ponents, for ease of assembly/disassembly.

In yet another feature of the mvention, the modular con-
struction allows for a number of different options for adding
heat energy to the device. Each of the desiccant trays may be
configured to connect to a heating assembly. The heating
assembly, in a preferred embodiment, may include a heating
coil placed 1n close proximity to heat distribution fins. The
heating assembly 1tself may be configured as a stackable tray
unit.

In yet another feature of the invention, the airflow through
the chamber of the device may be dynamically configured to
optimize desired water extraction. For example, each of the
desiccant trays may include airflow openings on one or more
sides of the trays that control the direction of airflow through
the chamber. In one example, the airflow may take a torturous
path through the chamber 1n which there 1s a single or serial
path through each of the desiccant trays. In another example,
the airtlow may take a parallel flow pattern through the cham-
ber 1n which there may be multiple paths available for airflow
through the chamber. Accordingly, airtlow through the cham-
ber may be configured to best match fan capabilities 1n mov-
ing an optimum flow of air through the device.

In yet another feature of the imnvention, the dried airstream
that 1s produced when leaving the device may be used for a
number of applications, such as providing a humidity con-
trolled airstream to condition an airspace within a building or
other man made structure. Particularly 1n hot, humid climates,
the dried airstream produced can greatly improve working,
and living conditions within habitable spaces.

Although calcium chloride 1s disclosed for use as a pre-
terred chemical hygroscopic desiccant, 1t should be under-
stood that there are a number of other hygroscopic desiccants

that could be used. For example, lithium bromide, magne-
sium chloride, and lithium chloride are known as effective
hygroscopic desiccants. However, one advantage of calcium
chloride 1s that 1t 1s a non-toxic chemaical, and 1s therefore sate
to use.

In one aspect ol the mnvention, 1t can be considered a system
for recovering water from ambient air. In another aspect of the
invention, 1t can be considered an apparatus for recovering
water from ambient air with options for manual control, auto-
matic control, or combinations thereof. In another aspect of
the invention, 1t can be considered a system for dehumidify-
ing ambient air for purposes of providing conditioned air for
an interior space of a man made structure.
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In another aspect of the invention, 1t may include various
sub-combinations of the system and device. These sub-com-
binations may include (1) the desiccant stack, (2) the heat
exchanger with the desiccant stack, (3) the desiccant stack
and the condenser, (4) the desiccant stack, heat exchanger,
and condenser, and (5) and the desiccant stack, heat
exchanger, and condenser further 1n combination with a con-
troller. Each of these sub-combinations has utility.

Other aspects of the imnvention imnclude a construction for a
desiccant cartridge, a method of selectively controlling air
flow through a chamber for a water recovery device, a modu-
lar construction for a water recovery device utilizing easily
assembled components, a method for controlling a charging
cycle of a water recovery apparatus including the use of
algorithms to optimize operation, a method for controlling an
extraction cycle ol a water recovery apparatus including the
use of algorithms to optimize operation, a method of operat-
ing a water recovery device including the use of algorithms to
minimize energy usage, a method of operating a water recov-
ery device including the use of algorithms to provide an even
and continuous operation of a water recovery device, and a
method of controlling operation of a water recovery device
incorporating a plurality of control mnputs including various
sensors, weigh scales, and tlow meters.

Yet further aspects of the invention include a water recov-
ery device utilizing multiple energy sources to power an
extraction cycle, a method of determining optimal formula-
tions for a liquid desiccant solution used within a water recov-
ery device, a construction for a desiccant media including a
formulation for a liquid desiccant solution, a water recovery
device including configurable desiccant media cartridges, a
method for selective and dynamic control of a liquid desic-
cant solution used within a water recovery device, a water
recovery device including msulating and sealing components
that eflectively 1solate airtlow through the device and other-
wise provide optimal temperature and pressure conditions
within a chamber of the device, and a method for determinming,
an optimal 1nitial desiccant formulation of a water recovery
device considering relevant geographical data corresponding
to the geographical location where the device 1s to be
installed.

Taking into consideration the above aspects and features of
the invention, the invention can be further described as a
water recovery device comprising (1) a desiccant stack includ-
ing a chamber defining an airflow path therein, the stack
including a plurality of desiccant trays; (i11) a condenser com-
municating with the desiccant stack; (111) a heat source opera-
tive to add heat energy to the chamber; and (iv) wherein an
airstream within the water recovery device 1s warmed prior to
or during an extraction cycle, the extraction cycle operative to
remove a retained water vapor from within the chamber, the
condenser providing a cooling source to condense the water
vapor and thereby producing an amount of water condensate.

The invention can yet be further described as a water recov-
ery system comprising (a) a water recovery device including:
(1) a desiccant stack including a chamber defining an airtlow
path therein, the stack including a plurality of desiccant trays;
(2) a condenser communicating with the desiccant stack; (3)
a heat source operative to add heat energy to the desiccant
stack; wherein an airstream within the water recovery device
1s warmed prior to or during an extraction cycle, the extrac-
tion cycle operative to remove a retained water vapor from
within the chamber, the condenser providing a cooling source
to condense the water vapor and thereby producing an amount
of water condensate; (b) a controller incorporated 1n the
device for controlling functioning of the device to include an
extraction cycle, the device further including a plurality of
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sensors as mputs to the controller, and a plurality of valves as
outputs of the controller, the valves being located within a

heat transport line of the device; and (c) said water recovery
device further including a communications node incorpo-
rated within a communications system enabling the water
recovery device to communicate within the communications
system.

Further still, a method 1s provided for recovering water
vapor {from ambient air, said method comprising: providing a
water recovery device including (1) a desiccant stack having a
chamber defining an airflow path therein, the stack including
a plurality of desiccant trays; (111) a heating source commu-
nicating with the desiccant stack for providing heat to the
desiccant stack; (1v) at least one heating line, the heating line
communicating with the heat source; (v) at least one heating
clement, the heating element communicating with the heating
line, the heating element operative to provide heat to the
desiccant stack; and operating the device 1 an extraction
cycle to remove the retained water vapor within the chamber;
and condensing the water vapor by a cooling source within
the condenser thereby producing an amount of water conden-
sate.

The preceding 1s a simplified summary of the disclosure to
provide an understanding of some aspects of the ivention.
This summary 1s neither an extensive nor exhaustive over-
view ol the disclosure and 1ts various aspects, embodiments,
and/or configurations. It 1s intended neither to 1dentity key or
critical elements of the disclosure nor to delineate the scope of
the disclosure but to present selected concepts of the disclo-
sure 1n a simplified form as an introduction to the more
detailed description presented below. As will be appreciated,
other aspects, embodiments, and/or configurations of the dis-
closure are possible utilizing, alone or 1n combination, one or
more of the features set forth above or described 1n detail
below. Therefore, other features and advantages of the present
disclosure will become apparent from a review of the follow-
ing detailed description, taken 1n conjunction with the draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of the device of the invention
in one preferred embodiment;

FIG. 2 1s an exploded perspective view of a desiccant tray
and desiccant media cartridge;

FIG. 3 1s another perspective view of the desiccant tray
with the desiccant media cartridge mounted within the tray;

FI1G. 4 1s a vertical section of the desiccant tray of FIG. 2
showing details of the arrangement of the desiccant media
cartridge and an amount of desiccant solution within the tray;

FI1G. 5 1s an exploded perspective view of a heat exchanger
assembly;

FIG. 6 1s a perspective of the assembled heat exchanger
assembly of FIG. 5;

FI1G. 7 1s a vertical section of a desiccant tray mounted over
a heat exchanger assembly, illustrating the relationship
between heat distribution elements of the heat exchanger and
the desiccant tray;

FIG. 8 1s a perspective view of a heat exchanger tray with
a heat exchanger mounted 1n the tray;

FIG. 9 1s a fragmentary perspective of the device 1 a
preferred embodiment;

FI1G. 10 1s a perspective view of a preferred embodiment of
a desiccant stack including a plurality of vertically stacked
desiccant trays, a heat exchanger assembly located beneath
the desiccant trays, and a stack exhaust manifold for directing,
exhaust air from the desiccant stack:
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FIG. 11 1s a vertical section of FIG. 10 illustrating the
relationship between the desiccant trays and the heat

exchanger assembly;

FIG. 12 1s a schematic diagram of a desiccant stack, and
one configuration for an airtlow path through the chamber,
referred to herein as a parallel flow path;

FIG. 13 1s another schematic diagram of a desiccant stack,
and another configuration for an airflow path through the
chamber, referred to herein as a serial flow path;

FIG. 14 1s an exploded perspective of components of the
device including a fan and damper/valve combination;

FIG. 15 1s an assembled perspective of the components of
FIG. 14;

FIG. 16 1s a schematic diagram of components of a con-
troller that may be used 1n conjunction with control of the
device; and

FIG. 17 1s a schematic diagram of a communication sys-
tem, including a plurality of devices with integral controllers
operating within a communications network in which one or
all of the devices may communicate with other communica-
tion nodes of the network, to include download and upload of
data and commands.

DETAILED DESCRIPTION OF THE DRAWINGS

Retferring to FIG. 1, a schematic diagram 1s shown for
purposes of illustrating the major functional components of a
device of the system. Specifically, the device 10 includes a
housing 12 that defines therein an interior space or chamber
for recerving a flow of air to remove water vapor from the
airstream. The chamber 1s more specifically defined as
including a desiccant stack 14 including a plurality of desic-
cant trays 74 (see FIG. 2) that each holds a desiccant media
material.

Each of the trays 74 have a quantity of a liquid desiccant
solution placed in contact with the desiccant media material
that wicks or absorbs the solution, as set forth further below
with respect to the description of the FIGS. 2-4. The device 10
turther includes one or more heat exchanger assemblies 16 for
providing heat to the chamber. A weigh scale 18 1s used to
monitor the mass of water vapor that 1s collected from the
airstream during a charge cycle, as well as the mass of water
vapor that 1s removed from the liquid desiccant solution dur-
Ing an extraction cycle.

An ambient or environmental or ambient air intake line 20
provides an entry point for the ambient air to enter the cham-
ber area. The ambient air entering the chamber follows a tlow
path 22 through the heat exchanger assembly 16 and the
desiccant stack 14. In the schematic diagram of FIG. 1, the
flow path 22 1llustrates a winding or torturous path, which 1s
explained 1n more detail below with respect to configurable
flow paths shown 1n the FIGS. 11 and 12. An exhaust line 24
returns the airstream that has traveled through the chamber
back to the atmosphere. Alternatively, the exhaust line 24 may
communicate with ductwork of a man made structure (not
shown) to provide a conditioned airstream for the structure.
The airstream through the chamber may take one of several
paths, depending upon the particular cycle in which the
device 1s operating at the time. In the case of a charge cycle,
the airstream 1s exhausted to the atmosphere or manmade
structure through the exhaust line 24. During an extraction
cycle, air within the chamber exits the chamber through the
condenser inlet line 26 that interconnects the chamber with
the condenser 28. Also during an extraction cycle, prior to
when air within the chamber reaches the desired saturated
state ready for condensing, air 1s re-circulated through the
chamber by re-circulating line 72, as also discussed below.
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FIG. 1 also schematically illustrates a cooling coil 30 that
1s used to condense the moist airstream for extraction of water
vapor from the airstream. An ambient air cooling line 32 1s
also 1llustrated within the condenser 28. During the extraction
cycle, ambient air 1s used as the cooling source for condens-
ing the warmer, moist airstream that has entered the cooling
coil 30. A water collection container 34 1s provided for col-
lecting the condensed water by water line 36 that intercon-
nects the condenser 28 to the container 34. A weigh scale 38
may also be used to monitor the amount of water extracted. In
conjunction with scale 18, the scale 38 provides control
inputs for monitoring water recovery.

The heat exchanger assembly 16 includes a heat source 40.
The heat source 40 1n the schematic of FIG. 1 1s shown as a
solar collector or photovoltaic cell; however the heat source
could be many other sources such as an electric or gas heater,
or available waste heat sources. For example, the heat source
could include waste heat from an industrial process, or waste
heat captured from the exhaust mamifold or engine of a
vehicle. A closed loop heating line 44 1s used to re-circulate an
amount of heating flmd. As shown, the heating line 44
traverses through the chamber and 1n close proximity with the
desiccant stack 14. The heating fluid 42 may be a conven-
tional heating fluid such as water or glycol. A heating tluid
container 43 1s provided to store the heating fluid. A fluid
pump 70 1s used to re-circulate the heating tfluid 42 through
the heating line 44. Although FIG. 1 illustrates the heat source
40 and container 45 as separated from the other components
of the heat exchanger assembly 16 within the chamber, 1t shall
be understood that the heat exchanger assembly 16 could be
housed 1n a number of different configurations to accommo-
date the particular application which the device 1s being used.

A controller 84 may be used to provide automatic control
of the operation of the device. The controller 84 may take the
form of known industrial controllers that accommodate con-
trol inputs and outputs, and a processor with integral software
or firmware. With respect to inputs, the device may be moni-
tored by a number of temperature sensing devices 46, such as
thermocouples or RTDs. In FIG. 1, there are a number of
temperature sensors shown at various locations throughout
the device. Within the heat exchanger assembly, a number of
temperature sensing devices 46 are also shown to include
sensors located within the heat exchanger, and within the
heating line at the entrance and exit from the heat source 40.
A number of temperature sensors are also 1llustrated within
the desiccant stack 14, as well as within the condenser 28.

In addition to temperature control, the FIG. 1 also illus-
trates a liquid tlow sensor 48 that measures the tlow rate of the
heating fluid 42 through the heating line 44. An airtflow sensor
49 may also be incorporated within the exhaust line 24 to
monitor the tlow rate of air through the chamber. Further, a
number of relative humidity sensors 30 may be incorporated
within the device to measure relative humidity of the air-
stream. As shown 1n FIG. 1, relative humidity sensors 50 may
be co-located with temperature sensors 46 at the exhaust line
24, at the condenser return line 73, and at other selected
locations 1n which 1t may be desirable to monitor the relative
humidity.

With respect to controlling airflow through the device, a
number of fans may be used to precisely control airflow.
Referring again to the FIG. 1, the fans may include an intake
fan 52 communicating with the air intake line 20, an exhaust
fan 56 that communicates with the exhaust line 24, a con-
denser fan 68 that introduces air into the condenser 28 along
condenser inlet line 26, a re-circulating fan 64 that re-circu-
lates air through the chamber through re-circulating line 72,
and an ambient air cooling fan 69 that introduces ambient air
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into the condenser 28. Control of air flow through the device
1s also achieved through a number of dampers or valves.
Again referring to the FIG. 1 valves used to control air flow
may include an air intake valve 34 mounted 1n the air intake
line 20, an exhaust valve 58 that 1s mounted in the air exhaust
line 24, a condenser inlet valve 62 that 1s mounted 1n the
condenser inlet line 26, and a re-circulating valve 66 that 1s
mounted 1n the condenser return line 73.

Referring now to FIGS. 2-4, a desiccant tray 74 1s 1llus-
trated 1n accordance with a preferred embodiment. The tray
74 1includes sidewalls 90, and a base 96. One or more of the
sidewalls 90 may include rod receiving channels 94 that
receive rods or dowels (not shown) that stabilize the connec-
tion between stacked trays 74. At least one pair of opposing
sidewalls 90 may include an 1nterior flange 92 for mounting a
sealing gasket 75 (see FIG. 8). Preferably, there 1s a sealing
gasket placed between each stacked tray 74 to thereby limat
airflow loss through the chamber. The base 96 holds an
amount of liquid desiccant solution 110 (FIG. 4). The base 96
includes base sidewalls 98, and one or more of the sidewalls
98 may include a plurality of airflow circulation slots or
openings 100. As shown, these openings 100 are disposed at
the upper portion of base sidewalls 98, above the liquid line
112 of the liquid desiccant solution 110, and below the top
edge of the sidewalls 90. FIGS. 2-4 also 1llustrate a desiccant
media cartridge 82 that 1s placed within the desiccant tray 74,
as best illustrated 1n the FIG. 3. The media cartridge 82 1s
shown as a rectangular shaped element that fits within the
confines of base sidewalls 98. The media cartridge 82
includes a media frame 102 that holds media material 120 1n
an accordion folded configuration. The media frame 102 may
also include one or more frame panels 104 that can be used to
direct airflow through the chamber by preventing air from
passing through the panels 104. In the FIG. 2, 1t 1s intended to
show that the two end walls of the media frame 102 include
media frame panels 104, while the opposing sidewalls of the
media frame 102 remains open thereby allowing airtlow hori-
zontally through the media cartridge 82. In order to stabilize
the open sides of the frame 102, the frame may further include
screen supports 106 comprising a plurality of wire elements
as shown.

Referring to FIG. 4, the media material 120 1s 1llustrated 1n
the form of a thin sheet that 1s held 1n the accordion folded
configuration to thereby maximize the exposed surface area
of the media material to air passing through the chamber. As
shown, the desiccant solution 110 fills a portion of the base
96, and the lower end of the media material 120 1s submerged
in the flmd solution 110. As mentioned, one example of an
acceptable media material may include a thin sheet of PVA
foam, an absorbent foam that readily wicks the desiccant
solution 110. In order to maintain the media material 1n the
accordion folded configuration with unmiform gaps or spaces
between the folds of material, an internal wire support 122
may be used for stabilizing the media material. When the
media material 120 absorbs or wicks the desiccant solution
110, the material serves to evenly distribute the desiccant
solution 1n large surface area within a confined space.
Accordingly, the media material 120 and the desiccant solu-
tion 110 provide a hygroscopic feature to elffectively remove
water vapor from a passing airstream. As shown in the FIG. 4,
the media material 120 1s preferably oriented in a parallel
relationship with the flow of air, thereby enabling air to pass
through the gaps between the folds of the media matenal. In
this orientation, the airstream maintains significant contact
with the exposed surfaces of the media material. As air con-
tinues to flow through a media cartridge 82, the amount of
water vapor retained in the media material increases. It 1s
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possible for the amount of retained water vapor to exceed the
liquid holding capacity of the media material, resulting 1n
dripping of the desiccant solution into the pool of desiccant
fluid 110. As discussed turther below, 1t 1s advantageous to
begin an extraction cycle prior to complete saturation of the
media matenal.

The thickness of the media material, as well as the configu-
ration of the media material in terms of the size of the gaps
between folds of the media material can be adjusted to meet
the desired water recovery needs for a particular use. Thinner
sheets of material with larger gaps between folds of the mate-
rial allows for better airtlow through the chamber, thereby
reducing the airflow pressure drop through the chamber.
However, this configuration of the media material limits the
amount of water vapor that can be removed from the airtlow.
Reducing the size of the gaps between the folds of the media
material and increasing the width of the media material
results 1n increased capability to remove water from the air-
flow, but with the disadvantage of increased pressure drop
through the chamber therefore requiring greater fan capacity
in moving air through the chamber. It 1s therefore contem-
plated to adjust the particular configuration of the media
material so that water recovery 1s achieved to meet the needs
of the particular use of the device without excessive air pres-
sure drop through the device that may exceed the capacity of
the fans.

The desiccant solution 110 1s placed 1n each of the trays 74.
This may be done manually at the start of operation of the
device. As the device continues to operate, 1t may be neces-
sary to replemish the desiccant solution. For example, some
portions of the desiccant media that absorb the desiccant
solution may become dried and crystallized, thereby prevent-
ing reactivation of the desiccant chemical without cleaning
and re-soaking the desiccant media. In lieu of manually
replacing the desiccant solution 110, 1t 1s also contemplated
that the desiccant solution 110 may be automatically replen-
ished. A desiccant solution reservoir (not shown), and a water
reservolr (not shown) may have fluid conveying lines that
connect to each or selected ones of the trays 74. Each of the
trays may also include a liquid level sensor (not shown)
and/or a desiccant concentration sensor (not shown) to sense
the concentration of the chemical desiccant. Chemical con-
centration sensors are devices that measure the electrical
potential of a solution, and changes 1n the electrical potential
correspond to known changes 1n the concentration of a chemi-
cal within the solution. Based on 1nputs from these sensors,
replenishment valves (not shown) mounted 1n the fluid con-
veying lines could be selectively opened to release a desig-
nated amount of water and/or desiccant solution 1n order to
replenish the desiccant solution in the trays. In many cases, it
may only be necessary to add water back to the desiccant
solution 1n order to place 1t at the optimum desiccant concen-
tration.

Referring now to FIGS. 5 and 6, components are 1llustrated
for the heat exchanger assembly 16 that may reside below a
desiccant stack 14. As shown, the assembly imcludes a hous-
ing 76, including sidewalls 130 and a bottom wall or base 128.
One side of the housing 76 includes a tubing manifold 132
with openings to receive corresponding tubing sections 134.
Extending upward from the base 128 1s a plurality of bailles
140 that are used to support the heating distribution element
78. As shown, the heating distributional element 78 may be an
accordion folded element that fits between the sidewalls 130
and disposed above the heating line 44. The heating line 44 1s
configured in a winding path to thereby more evenly transfer
heat to the heat distribution element 78. The heating line 44
passes through one of the sidewalls 130 as shown in FIG. 6,
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and communicates with the heat source 40 and container 45
(FIG. 1). Optionally, a wire support element 136 maybe dis-
posed within the housing 76 1n order to maintain the heating
clement 78 in 1ts accordion folded configuration. The heat
distribution element 78 may be made from aluminum or
another type of corrosive resistant conductor. The housing 76
may also include rod recerving channels 138 that align with
channels 98 of the desiccant trays 74 to receive stabilizing
rods (not shown) that help to hold the desiccant stack and heat
exchanger assembly 1n a stabilized vertical orientation.

Referring to FI1G. 7, the arrangement of a desiccant tray 74
1s shown with respect to the heat exchanger housing 76. As
shown, the base or bottom portion of the desiccant tray 74 1s
located 1n close proximity to the upper surfaces the heat
distribution element 78. This orientation may allow for most
cificient heat transfer to the overlying tray 74. FIG. 7 also
illustrates the available space for air entering the device 1n
which the air first passes through the gaps between adjacent
sections of the heat distribution element 78. The airstream 1s
then directed upwards, through the opemings 100 1n the base
sidewall 98 of the tray. Next, air 1s forced horizontally through
the gaps 1n the media material 120 and substantially parallel
with the orientation of the media material 120. The air then
travels upward 1nto the next desiccant tray 74. The path of
airflow through this next desiccant tray may be dictated by the
orientation of the openings 100 1n the base sidewalls 98 of the
tray.

Further, 1t 1s contemplated that a desiccant stack may take
advantage of multiple heat exchanging assemblies powered
by a single source of power. For example, a desiccant stack 14
may include one or more heat exchange assemblies such as
heat exchange assembly16 or heat exchange assembly 816,
which are disposed throughout a desiccant stack 14 and
between one or more desiccant trays 74. As shown in FIG. 8,
heat exchanger assembly components, such as a heat distri-
bution element 878, a heating line 844, and one or more
sensors, may be housed in a modified tray 876. Modified tray
876 may be modular in design such that tray 876 may be
placed within a desiccant stack 14; that 1s, tray 876 may be
stacked on top of desiccant trays 74, and/or desiccant trays 74
may be stacked on top of tray 876.

As shown 1n FIG. 8, heating assembly 816 may include
similar components to those of heating assembly 16. As
shown, heating assembly 816 includes a housing 876, side-
walls 890 and a bottom wall or base 898. The heating distri-
butional element 878 may be an accordion folded element
that fits between the sidewalls 890 and disposed below the
heating line 844. The heating line 844 1s configured 1n a
winding path to thereby more evenly transier heat to the heat
distribution element 878. The heating line 844 eventually
passes through one of the sidewalls 870 and communicates
with the heat source 40. Heating line 844 may or may not
connect to container 435 (FI1G. 1), depending on whether heat-
ing element 844 1s a fluid type heating line or an electrical
type heating line.

Heating line 844 may be configured to communicate with
heat source 40 1n a variety of ways. For example, heat source
40 may communicate with heat exchange assembly 16 and
one or more heat exchange assemblies 816 using a plurality of
fluid distribution lines. The plurality of fluid distribution lines
may be arranged 1n a parallel or serial manner such that each
heat exchange assembly 16 and/or heat exchange assembly
816 directly communicates with the heat source 40. Alterna-
tively, or 1n combination, the plurality of fluid distribution
lines may be arranged 1n a serial manner—that 1s, each heat
exchange assembly 16 or 816 may communicate directly with
a previous heat exchange assembly 16 or 816, In such a serial
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configuration, Heating line 44 or 844 may further be config-
ured to connect to a fluid distribution line utilizing quick
connect fittings to further modularize the installation and
removal of heating assembly 816 1n a desiccant stack 14.

Similar to desiccant tray 74, heat exchange assembly 816
includes sidewalls 898, and one or more of the sidewalls 898
may include a plurality of airtlow circulation slots or open-
ings 800. As shown, these openings 800 are disposed at the
upper portion of base sidewalls 898. Openings 800 direct the
airtlow 1n an orientation most efficient for transierring heat
from heat exchange assembly 816 to the surrounding air-
stream. For example, the airstream may first enter the heat
exchange assembly 816 through openings 800. The airstream
then 1s forced horizontally through the gaps between adjacent
sections of the heat distribution element 878. The airstream 1s
then directed upwards, through the openings 800 in the base
sidewall 898 of the tray. The air then travels upward 1nto a
desiccant tray 74.

It 1s further contemplated that the heat exchange assembly
16 and/or the heat exchange assemblies 816 are capable of
regulating a temperature within each of their respective hous-
ings or trays. Heat exchange assembly 16 or heat exchange
assembly 816 may be connected in either serial or parallel
distribution configuration. For example, heat exchange
assembly 16 or 816 may include a series of temperature
regulation valves to control an amount of fluid that flows
through heat distribution line. The amount of fluid that flows
through a heat distribution line may be proportional to the
amount of heat required to warm an airstream within the
chamber at specific point in time. For instance, when 1nitiat-
ing an extraction cycle, a large delta may exist between a
current temperature of an airstream and a desired temperature
of an airstream; therefore, a large amount of heat may nitially
be required to bring the temperature of the airstream, within
the chamber, to an optimal or efficient level. By increasing the
flow of fluid through heat exchange assembly 16 and/or heat
exchange assembly 816, the heat distribution lines flowing
through heat exchange assembly 16 and heat exchange
assembly 816 would be able to distribute this larger quantity
of heat. Once a desired temperature within the chamber has
been reached, the flow through heating line 44 or 844 may
then be reduced to maintain the temperature within the cham-
ber and/or the temperature of the airstream. If housing or trays
are connected 1n a sernal distribution manner, a bypass valve
located near an entrance of each heat exchange assembly 16
or heat exchange assembly 816 may be required.

The flow rate of the fluid, along with the temperature of
fluid, impact the temperature of the airstream when pump 70
1s recirculation the heating fluid throughout heat exchange
assemblies 16 and 816. Similar to the liquid flow sensor 48 as
described above, there may be one or more liquid tflow sensors
that measure the tlow rate of the heating fluid 42 through the
various heat exchange assemblies 16 or 816. The one or more
liquid flow sensors may provide a flow rate to the controller
200; that 1s, the controller 200 1s configured to monitor the
flow rate of a fluid 42. Based 1n part on the airstream tem-
perature as measured at various locations throughout the des-
iccant stack 74 and tubing assemblies, fluid pump 70 may be
instructed to increase or decrease its output by controller 200
accordingly. Additionally, configurable valves, including
fluid bypass valves, may be adjusted to alter a flow rate at a
specific location within the device, such as a particular heat
exchange assembly. Further, as the heating tluid 1s circulated,
it may be necessary to warm the heating fluid to a desired
temperature. Controller 200 may direct the heating source 40
to warm the fluid to a specified temperature 1n accordance
with desired operating conditions.
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In another embodiment, 1n addition to or 1n lieu of using
heat exchange assembly 16 or 816, other configurations or
devices may be used to add heat to the device or system. For
instance, the airstream may be passed through an 1nline radia-
tor 99 residing in re-circulating line 72. An inline radiator
may further connect to container 45; with a fluid pump similar
to or the same as fluid pump 70 providing a recirculation
source of heated fluid 42.

In another embodiment, multiple energy sources and vary-
ing methods of delivering heat may be utilized to add heat to
the device 10. For example, under some operating conditions
and 1n some environments, 1t may be more etficient to utilize
an electric heating element to provide additional heat neces-
sary to increase the temperature of the passing airstream.
Such an electrical heating element may be disposed 1n the
heat exchange assembly 16 and may be used instead of heat-
ing line 44. Similarly, an electrical heating element may be
disposed 1n heat exchange assembly 816 and used instead of
heating line 844. When an electrical heating element 1s uti-
lized 1n varying configurations, a fluid distribution system,
such as fluid container 45, fluid heater, and fluid distribution
piping may not be necessary. Instead, electrical connections
are configured to link a power source 40 to the electrical
heating element.

In another embodiment, heating elements may be disposed
in various places throughout the device 10. For example,
heating element 105 (FIG. 2) may be disposed at both ends of
a desiccant media frame 102 and may act more like a forced
convection heater. That 1s, 1f heating element 105 1s an elec-
trical heating element, electricity may pass through the ele-
ment, warming the surrounding air. Air passing through a
desiccant media frame 102 may be warmed. A desiccant
media frame 102 may be configured with the necessary elec-
trical connections to operatively connect heating element 105
with a power source, such as power source 40. Of course,
appropriate  environmental electrical connections are
required when an electric heating element 1s disposed 1n close
proximity to a desiccant media or 1f an electric heating ele-
ment 1s disposed 1n a humid or wet environment.

In another embodiment, an electrical heating element(s)
may be placed across opening 100, as shown 1n FIG. 3. As
shown, heating elements 103 warm the airstream passing
through openings 100. Similar to the electrical heating ele-
ments 105, when air passes over heating elements 103, the
passing air, in conjunction with the heating elements, act
more like a forced convection heater. That 1s, electricity
passes through the element and warms the surrounding air
flowing through openings 100. In this embodiment and others
requiring an electrical connection, an electrical connection 1s
made amongst a stack of desiccant trays such that the neces-
sary electrical energy 1s provided. For instance, electrical
connectors capable of withstanding the environmental con-
ditions located on the top and bottom of a desiccant tray may
provide the necessary electrical connections. Alternatively, or
in addition, the electrical connections may reside at other
locations through the device. Similarly, electrical heating ele-
ments 103 may be placed across openings 800.

In another embodiment, the heat exchange assemblies 16
and 816 are used to provide a consistent airstream tempera-
ture within the stack of desiccant media trays, as previously
described. However, upon initiating a water extraction cycle,
clectrical heating elements, such as heating elements 103,
105, and 844 may be used to augment or add additional heat
to the system as necessary.

Referring to FIG. 9, a preferred embodiment 1s illustrated
tor the devicel0. More specifically, a preferred embodiment
1s 1llustrated with respect to construction details for the des-
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iccant stack 14, heat exchanger 16, and the group air convey-
ing elements including fans, valves, conveying lines, and
connectors. More specifically, FIG. 9 1llustrates a desiccant
stack 14 arranged 1n a plurality of desiccant trays 74 stacked
vertically upon one another over a single heat exchanger
assembly 16. The most upper tray 74 1s removed for 1llustra-
tion purposes to shown a sealing gasket 75 that 1s placed
between stacked trays. The stack exhaust manifold 80 1s also
shown 1n which airflow from the chamber 1s returned to the
atmosphere through lines 24. As shown 1n this embodiment,
instead of a single exhaust line 24, there 1s a pair of exhaust
lines 24 arranged as the outside pair of conveying lines in the
group ol four adjacent lines. The embodiment of FIG. 9 1s
intended to 1illustrate that some of the conveying elements
may be provided 1n duplicate for better airtlow control of the
device. Accordingly, in addition to duplication of the exhaust
lines 24 and associated fans and valves, the FIG. 9 also 1llus-
trates duplication of the condenser inlet line 26, re-circulating,
line 72, return line 73, and the associated valves and fans for
these lines. Because of the angle of view 1n FIG. 9, another
inlet line 20 and associated conveying elements cannot be
seen, but the FIG. 8 15 intended also to represent that there can
also be duplication of these elements. In FI1G. 9, the condenser
28 1s shown 1n a schematic form only, and it shall be under-
stood that the distal free ends of the lines 26 interconnect with
the inlet of the coil 30. Additionally, the FIG. 9 does not
illustrate the other components of the condenser as shown 1n
the FIG. 1, but 1t shall also be understood that the condenser
includes these other elements.

In terms of the modular construction of the device, it 1s
clear that the desiccant trays 74 may be conveniently stacked
on top of one another 1n a space saving arrangement. Addi-
tionally, the location of the various fans and valves may be
conveniently located adjacent the desiccant stack to maintain
a relatively small device profile. The lines for conveying
airtlow may be a plurality of uniform tubing sections, and the
tubing sections may connect to one another by a friction fit.
Therefore, 1t 1s unnecessary to provide sealing gaskets
between each and every tubing section. As discussed in more
detail below with respect to the FIGS. 14 and 15, the modular
construction of the mvention further allows for friction fit
attachments between the sections of tubing and the various
valves and fans.

Referring to FIG. 10, a desiccant stack 14 1s 1llustrated in
the same arrangement as shown 1n the FIG. 9, but with the
various tubing sections, valves, and fans removed. Referring
to the FIG. 11, this vertical cross-sectional clearly illustrates
the compact and orderly arrangement of the desiccant trays
when placed 1n a vertical configuration. Although the FIGS.
10 and 11 illustrate a vertical desiccant stack arrangement; 1t
1s also contemplated that a desiccant stack could include
combinations ol both vertically and horizontally extending
desiccant trays. Accordingly, with respect to a horizontally
extending group of desiccant trays, each of the desiccant trays
could also include a tubing manifold 132 in lieu of solid
sidewalls 90 and 98 enabling horizontally adjacent trays 74 to
communicate with one another by tubing sections intercon-
necting the trays by their corresponding manifolds 132.
Therefore, one can appreciate the highly configurable nature
of the device 1n terms of adjusting 1ts shape and size for a
particular use. For uses of the device with greater water recov-
ery requirements, a larger number of trays can be used to
increase water recovery, or uses of the device with lesser
water recovery requirements may dictate a fewer number of
trays be used. The requisite number of air conveying lines,
fans, and valves can be added to a desiccant stack to ensure
proper airtflow through the device for purposes of both main-
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taining airtflow through the device during a charging cycle, as
well as airflow through the device during an extraction cycle.

Referring to FIGS. 12 and 13, 1n yet another aspect of the
invention, 1t 1s contemplated that a user may dynamically
configure the tlow path of air through the device 1n order to
maximize elficiency for the intended use of the device. In the
example of FIG. 12, a parallel flow path 1s illustrated by the
directional arrows 1in which each of the trays 74 have oppos-
ing base sidewalls 98 with openings 100, which therefore
allows airtlow to travel upwards 1n a vertical manner through
the chamber and also horizontally through the media car-
tridges 82. The only blocked sidewall with no openings 100 1s
the solid sidewall 180 located above the heat exchanger
assembly 16. This sidewall 180 ensures the air initially passes
through the heat exchanger for purposes of heating the air, for
example, during an extraction cycle. As shown in the FIG. 11
air may travel horizontally through either a first lower media
cartridge, or the media cartridge in the second or next higher
tray 74.

In the example of FI1G. 12, the directional arrows show a
torturous or serial flow path that 1s provided through the
chamber of the device. Accordingly, alternating and opposite
sidewalls of the stacked desiccant trays 74 include the solid
sidewalls 180 without openings 100. One can appreciate the
advantages of the dynamic and modular construction of the
present invention in which the trays can be placed not only 1n
various combinations of vertical and horizontal arrange-
ments, but also each tray may be configured with either solid
sidewalls 180 or sidewalls 98 with openings 100 in order to
establish a desired airtlow path through the chamber, and
thereby maximizing airtlow for the intended use of the device.

Referring now to FIGS. 14 and 15, an example construc-
tion 1s provided for a valve or damper and fan combination. As
shown, 1n the schematic diagram of FIG. 1, airflow control
through the device includes various pairs of fans and damp-
ers. Accordingly, the FIGS. 14 and 135 are itended to 1llus-
trate how these various pairs of fans and dampers may be
constructed 1n accordance with the advantages of the modular
construction of the invention. A fan assembly 150 1s shown as
including a fan housing 158 disposed between a pair of fan
flanges 156. The fan 160 1s disposed within the fan housing
158, and includes a characteristic fan hub, and a plurality of
fan blades. A valve assembly 152 connects to the fan assem-
bly. A single connecting flange 162 may be placed between
the valve assembly and fan assembly. The construction of the
valve assembly 152 may 1nclude two half sections, shown as
upper half section 164 and lower half section 166. The tlapper
or valve element 168 has a mounting pin 170, which 1s
received in the pin openings 174 of the upper half section 164.
Pin locks 172 may be used to secure the ends of the mounting
pin 170. As also shown in FIG. 13, an adjacent tubing or
conduit section 154 may be secured to the fan also by a single
connecting flange 162. Similarly, the opposite end of the
valve assembly 152 may connect to an adjacent tubing section
154 by a single connecting flange 162. The tubing sections
154 may simply be frictionally received within the adjacent
flanges 162. The half sections 164 and 166 may be secured to
the flanges 164 also by a friction fit, as achieved by the flange
extensions 176, or by some other connecting means 1n which
substantial airflow loss 1s limited between the connections. As
also shown, the fan 150 may be secured to its abutting flanges
162 as by a screw and nut combination. The FIGS. 14 and 15
are mtended to illustrate an example construction in which
pairs of fans and valves may be connected to one another in
line with sections of tubing, wherein the construction 1is
simple, reliable, and repeatable without the need for special
tools or equipment. Thus, functionally distinct pairs of fans
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and valves of the device when 1nstalled 1n the device may be
assembled by similar assembly methods.

Additionally, flapper or valve element 168 may be dynami-
cally controlled via an integrated controller 84.

In order to control the device, an integral controller 84
(FIG. 1) may be used. While manual control 1s also possible,
use ol a controller has a number of advantages to include less
burdensome user efforts, and more timely and precise control
of the device for producing the desired amount of water. The
controller 84 may be a known 1ndustrial controller, such as a
programmable logic controller (PLC).

Referring to the FIG. 16, this figure 1s intended to represent
the controller 84 as a computing device 200 with known
functionality. More specifically, FIG. 16 1illustrates one
embodiment of a computing device 200 comprising hardware
clements that may be electrically coupled via a bus 235. The
hardware elements may include one or more central process-
ing units (CPUs) 205; one or more input devices 210 (e.g., a
mouse, a keyboard, etc.); and one or more output devices 215
(e.g., a display device, a printer, etc.). The computing device
200 may also include one or more storage device 220. By way
of example, storage device(s) 220 may be disk drives, optical
storage devices, solid-state storage device such as a random
access memory (“RAM”) and/or a read-only memory
(“ROM™), which can be programmable, flash-updateable
and/or the like. The controller 200 also includes one or more
input/output modules 201. The mput/output modules may be
built 1n with the controller, or may be one or more external
input/output modules that plug into the controller. For PLCs,
most of these are equipped with extensive input/output mod-
ule capabilities 1n which a wide range of inputs and outputs
may be accommodated. Further, because PLCs are typically
made for severe operating conditions, the use of a PLC as a
controller 1 the device of the invention may be a preferred
option.

The computing device 200 may additionally include a
computer-readable storage media reader 225; a communica-
tions system 230 (e.g., a modem, a network card (wireless or
wired), an mira-red communication device, etc.); and work-
ing memory 240, which may include RAM and ROM
devices. Optionally, the computing device 200 may include a
processing acceleration unit 235, which can include a DSP, a
special-purpose processor and/or the like. The computer-
readable storage media reader 225 can further be connected to
a computer-readable storage medium, together (and, option-
ally, in combination with storage device(s) 220) comprehen-
stvely representing remote, local, fixed, and/or removable
storage devices plus storage media for temporarily and/or
more permanently containing computer-readable informa-
tion. The communications system 230 may permit data to be
exchanged with a data network and/or with another comput-
ing device within a network, as further explained below
regarding FIG. 16.

The computing device may also comprise software ele-
ments, shown as located within a working memory 240,
including an operating system 245 and/or other code 250,
such as program code implementing a program or code for
operation of the device. The computing device 200 may also
employ a GPS recerver 260 for location based capabilities.
The GPS recerver 260 can be used to further exploit data
regarding geographical and/or weather conditions to improve
the operational efficiency of device. For example, the GPS
receiver can be used to download data regarding orientation
and duration of sunlight and the direction(s) of prevailing
winds. This data can be used to update or improve the algo-
rithms to obtain better efficiencies for solar energy extraction
and to minimize fan power needs. The computing device 200
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may other include a radio transceiver 265 that enables the
device to have a wireless communications capability. A par-
ticular radio communications protocol may be employed
depending upon geographical limitations where the device 1s
installed, enabling the device to maintain wireless communi-
cations with a wireless communications network.

Alternate components of the computing device might also
be used and/or particular elements might be implemented in
hardware, software (including portable software, such as
applets), or both. Further, connection to other computing
devices such as network input/output devices may be
employed.

Although the device has been described with the use of a
computing device 200, 1t 1s also contemplated that the device
may also be controlled by one or more microcontrollers. A
microcontroller 1s an integrated chip including a central pro-
cessing unit (CPU), a memory element (such as RAM or
ROM), a group of input/output ports, and timers. Microcon-
trollers, however, are typically designed to execute only a
limited number of tasks because of the limited processor
capabilities and therefore, are limited 1n terms of their ability
to monitor numerous mputs and to generate numerous com-
mand outputs. Nonetheless, because of the relatively few
inputs and outputs of the device, a microcontroller 1n combi-
nation with a communications element, such as a transceiver
with a wireless capability, remains as a viable solution in
terms of providing control for the device.

The computing device or microcontroller(s) may also be
incorporated within a communications network, as shown 1n
the FIG. 17. The FIG. 17 1s intended to 1llustrate that either a
computing device or microcontroller(s) be represented by the
reference numeral 200. Further, the FIG. 17 1s intended to
illustrate an example communication system 300 that may be
used 1 connection with the device and method disclosed
herein. The system 300 may include one or more remote
general purpose computers 305 and 310 that commumnicate
through a communications network 310 with one or more of
the devices 10, each with their own mtegral controller/micro-
processor(s) 200. By way of example, the general purpose
computers may be personal computers and/or laptop comput-
ers running various versions of Microsolt Corp.’s Win-
dows™ and/or Apple Corp.’s Macintosh™ operating
system(s) and/or workstation computers running any of a
variety of commercially-available UNIX™ or UNIX-like
operating systems. These remote computers 305 and 310 may
also have any of a varniety of applications, including for
example, database client and/or server applications, and web
browser applications. Alternatively, the user computers 3035
and 310 may be other electronic devices, such as an Internet-
enabled mobile telephone, and/or personal digital assistant,
capable of communicating via the network 320 and/or dis-
playing and navigating web pages or other types of electronic
documents. Although the exemplary system 300 i1s shown
with two remote computers, any number of remote computers
may be supported.

The network 320 may be any type of network familiar to
those skilled 1n the art that can support data communications
using any ol a variety of commercially-available protocols,
including without limitation TCP/IP, SNA, IPX, AppleTalk,
and the like. Merely by way of example, the network 320
maybe a local area network (“LLAN™), such as an Ethernet
network, a Token-Ring network and/or the like; a wide-area
network; a virtual network, including without limitation a
virtual private network (“VPN”); the Internet; an intranet; an
extranet; a public switched telephone network (“PSTN”); an
inira-red network; a wireless network (e.g., a network oper-
ating under any of the IEEE 802.11 suite of protocols, the
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Bluetooth™ protocol known 1n the art, and/or any other wire-
less protocol); and/or any combination of these and/or other
networks.

The system 300 may also include one or more server com-
puters 325. The server 325 may be a web server, which may be
used to process requests for web pages or other electronic
documents from user computers 305 and 310. The web server
can be running an operating system including any of those
discussed above, as well as any commercially-available
server operating systems. The web server 325 can also run a
variety of server applications, including HTTP servers, F'TP
servers, CGI servers, database servers, Java servers, and the
like. In some 1nstances, the web server 325 may publish
operations available as one or more web services.

The system 300 may also include a database 335. The
database 335 may reside 1n a variety of locations. By way of
example, database 335 may reside on a storage medium local
to (and/or resident 1n) one or more of the computers 305, 310,
or on a storage medium local to one or more of the controllers/
microprocessor(s) 200 of the devices 10. Alternatively, the
database 335 may be remote from any or all of the computers
or controllers, and 1n communication (e.g., via the network
320) with one or all of the computers and controllers. The
database 335 may reside 1n a storage-area network (“SAN”)
familiar to those skilled 1n the art. Simailarly, any necessary
files for performing the functions attributed to the computers
and/or controllers/microprocessors may be stored remote
from or locally on the respective computers or controllers.
The database 335 may be arelational database, such as Oracle
101™, that 1s adapted to store, update, and retrieve data 1n
response to SQL-formatted commands.

As also shown 1n the FIG. 17, the controllers/microproces-
sor(s) 200 each communicate with other components of the
system 300 through the network 320. Although the control-
lers/microprocessors 200 may have the capability to indepen-
dently operate and control their corresponding devices 10,
additional features o the invention may be available when the
controllers are mcorporated within the communication sys-
tem 300. For example, 1f a device 1s moved from one location
to another, the controller could receive updated algorithms
that provide more closely matched programming features
corresponding to the particular environment in which the
devices may operate. Additionally, software or other com-
mand updates may be downloaded to the controllers/micro-
processors thereby eliminating the need for manual software
updates. Additionally, information may be uploaded from the
controllers/microprocessors. This information may be used
as historical operating data to improve software programming
or other aspects of control for the devices. Since the devices
may be operating in remote or austere conditions, the capa-
bility for the controllers to communicate through a commu-
nications network can provide other benefits. For example, 11
a controller experiences a malfunction or sufifers from a
reduced functional capacity, it would be possible to bypass
control of the device as normally provided by the controller/
microcontroller by commands sent through one or more of
the remote computers. In the event there are a multitude of
devices functioning simultaneously within one or more loca-
tions, the computing capability of the server 325 may be
advantageous 1n providing additional or supplemental control
to the devices. Additionally, the database 335 can be usetul in
compiling operational data for the devices 1n order to improve
the sets of algorithms and software commands that may be
associated with operation of the devices. Those skilled 1n the
art can appreciate other advantages of incorporating a device
10 within a communication system 300.
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In accordance with methods of the present invention, a
device removes water vapor from an incoming, ambient air-
stream. The exhaust airstream leaving the device is therefore
a dried or water lean airstream. Operation of the device can
conceptually be divided into two main cycles, namely, a
charge cycle and an extraction cycle. In the charge cycle, the
ambient airstream 1s passed through a chamber, across a
desiccant stack, and back to the environment. The desiccant
absorbs water vapor 1n the air stream. The desiccant 1s pret-
erably employed in a liquid solution with water. The desiccant
solution 1s distributed in the chamber by a desiccant media,
including a plurality of media sheets, preferably 1n folded
media sheets configured within media cartridges disposed in
cach tray of the desiccant stack.

In accordance with the methods, a charge cycle includes
absorption of water vapor, and controlling the amount of
water vapor removed from the airstream such that the desic-
cant solution does not become over saturated with water. In
arid climates, 1t may be advantageous to run the charge cycle
during nighttime hours when the relative humidity rises due
to a corresponding drop 1n ambient air temperature. A con-
trolled tflow of air 1s passed through the chamber of the device
by one or more fans. As set forth above in the illustrated
preferred embodiment, one or more fans may be located at the
entrance to the chamber, coupled with one or more fans
located at the exit of the chamber. Airflow sensors along with
temperature and humidity sensors monitor the state of the
chamber. An optimum airtlow through the chamber 1is
achieved to match the desired quantity of water to be recov-
ered. If a relatively small amount of water 1s the recovery
requirement, then a smaller volume of air 1s passed through
the chamber as compared to a larger water recovery require-
ment that must be attained in the same amount of operation
time. Once the desiccant media has absorbed the requisite
amount of water for the charge cycle, an extraction cycle 1s
commenced. First, the chamber 1s 1solated from the ambient
airstream by closing all valves or dampers that communicate
with the surrounding environment. Heat energy 1s added to
the chamber. This may be achieved by use of a heat exchanger
that has many possible sources of power. Heat energy 1s added
to a predetermined point 1n which vaporization occurs for the
water within the chamber. At this point, the moist air within
the chamber can be circulated through a condenser. Prefer-
ably, the condenser does not require a separate source of
power for cooling. Rather, 1t 1s preferred to mitiate condens-
ing when the internal temperature within the chamber
exceeds a dew point temperature relative to the external ambi-
ent temperature. Accordingly, the cooling “source” for the
condenser 1s simply the ambient air, and a flow of ambient air
1s passed through the condenser to achieve condensing of the
moist chamber air. The condenser has a passageway, typically
defined by a cooling coil, 1n which the cooler temperature of
the coil causes the water vapor to condense. Water droplets
condensed on the surfaces of the condensing coil are collected
in a container that communicates with the condensing coil.
During this condensing phase of the extraction cycle, heat
continues to be added to the chamber for a period of time to
evaporate a desired amount of water trapped within the cham-
ber. Accordingly, recirculation of the air within the chamber
occurs 1n which a return line 1s provided from the condenser
back to the chamber. In addition to adding heat to the cham-
ber, the vaporization temperature of the water can be more
casily achieved by reducing the pressure within the chamber.
For example, a partial vacuum can be drawn for the air within
the chamber, and the remaiming amount of air within the
chamber can be heated and re-circulated during the condens-
ing phase.
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Further 1n accordance with methods of the invention, 1t 1s
contemplated that optimal desiccant solution ratios are main-
tained for each reservoir of solution within each tray. Liquid
level sensors along with chemical concentration sensors may
be employed 1n each tray to monitor liquid levels and desic-
cant concentrations. As needed, desiccant solution can be
replaced and/or water may be automatically added to each
tray as supplied from supply reservoirs that communicate
with each of the trays.

Further in accordance with methods of the invention, the
dried airstream that 1s produced during a charge cycle can be
used to condition the interior airspace of a man-made struc-
ture. Accordingly, duct work may be connected to the exhaust
airstream interconnecting the exhaust airstream with the inte-
r10r airspace.

Also 1n accordance with methods of the invention, the
modular construction of the device allows for easily changing
the water recovery capacity of the device. Therefore, 1t 1s
contemplated that water recovery capability can be optimized

by changing the number of trays used by changing the
exposed surface area ol the media cartridges, and/or changing
the flow path of air through the chamber. As discussed, a serial
tlow path through the chamber or a parallel flow path through
the chamber changes the dwell time of the airstream within
the chamber. These difierent tlow paths also result 1n greater
or lesser contact of the desiccant media with the airstream
which, in turn, alters the rate at which water 1s absorbed by the
desiccant. Additionally, the tlow rate of air through the cham-
ber of the device can also be adjusted to meet the desired
water recovery requirement. In general, a greater flow rate of
air through the chamber should result 1n a greater amount of
water recovered as compared to a lesser flow rate.

Also 1n accordance with methods of the invention, it 1s
contemplated that dynamic programming 1s used with a con-
troller/microprocessor to optimize device operation. Within
the controller/microprocessor programming, algorithms can
be used that establish base line or 1nitial operation parameters
based upon known environmental factors. These environ-
mental factors include daily temperature data, daylight data,
humidity data, wind data, and potential damage scenario data.
Each of these factors may ultimately atfect the operation of
the device. With respect to temperature and humidity data,
this data will partially determine optimum times for operating,
the cycles of the device. The daylight data also helps to define
when temperature and humidity changes will most rapidly
occur during average temperature conditions. Wind data can
be used to ensure the device 1s oriented 1n the proper direction
such that a constant tlow of air can be provided through the
device without undue affects of adverse wind conditions.
Potential damage scenarios relate to the specific location
where the device 1s placed, and the chances that a human or
environmental event will damage or destroy the device. By
evaluating each of these factors as compared to different
geographical locations, 1nitial setup and operation of a device
1s simplified and mitially optimized. As a particular device 1s
placed into operation, continued monitoring of environmen-
tal conditions along with the operational capability of the
device can be used to alter the 1nitial operational algorithms to
then establish optimal operational parameters. Because mul-
tiple devices may be employed 1n austere or difficult to travel
locations, it 1s also advantageous to incorporate the devices
within a communications network in which operation of the
devices may also be controlled remotely. For example, con-
sider a device that has been damaged, or has one or more
components that are not functioning to capacity. In this sce-
nario, commands may be 1ssued from a remote computing,
device to change the current operational algorithms to com-
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pensate for the damage to components. One specific example
could relate to a component such as a fan or valve that has
limited functioming, and therefore, the operational algorithm
could be modified to change the operation of these elements
in order to meet the desired water recovery goal.

Also 1n accordance with methods of the present invention,
it may be possible to determine the optimum times for run-
ning a charge cycle simply by evaluating nighttime hours. For
example, light sensors and a time of day clock may be used by
the controller to initiate and terminate a charge cycle, the
conclusion in this method of control being that mghttime
hours are the best for running the charge cycle.

Further 1n accordance with methods of the invention, it 1s
contemplated that the recovered water may be further treated
to ensure 1t 1s potable. For example, a number of additional
water treatment measures may be taken to make the water
potable. Such measures may include filtration, exposure to
ultraviolet light, mineralization, chlorination, and/or further
chemical treatment.

Further 1n accordance with methods of the invention, 1t 1s
contemplated that 1n lieu of a single heat exchanger, a desic-
cant stack may take advantage of multiple heat exchanging
assemblies powered by a single source of power. Accord-
ingly, selected trays within a desiccant stack may be disposed
between one or more heat exchanging assemblies 1n which
cach assembly has a heating line, a heat distribution element,
and sensors. These assemblies may each have their own hous-
ing, or the trays may be modified to incorporate the heat
exchanging assemblies 1n which a single housing can be used
for both a desiccant tray and heat exchanging assembly com-
bination.

While 1llustrative embodiments have been described in
detail herein, 1t 1s to be understood that the concepts may be
otherwise variously embodied and employed, and that the
appended claims are intended to be construed to include such
variations, except as limited by the prior art.

What 1s claimed 1s:

1. A water recovery device comprising;:

a desiccant stack including a chamber defiming an airtlow
path therein, the desiccant stack including a plurality of
desiccant trays, each desiccant tray including a desic-
cant media cartridge and an amount of liquid desiccant
placed within the desiccant tray and being absorbed by a
media material of the media cartridge;

a condenser communicating with the desiccant stack;

a heat source operative to add heat energy to the chamber;
and

wherein an airstream within the water recovery device 1s
warmed prior to or during an extraction cycle, the extrac-
tion cycle operative to remove a retained water vapor
from within the chamber, the condenser providing a
cooling source to condense the water vapor and thereby
producing an amount of water condensate.

2. A water recovery device, as claimed 1n claim 1, wherein
the heat energy 1s added to the chamber using a water or
glycol-based heat exchanger.

3. A water recovery device, as claimed 1n claim 2, wherein
the heat exchanger further includes a heating element dis-
posed below a heating line, the heating line transferring heat
to the heating element, and wherein the heating element 1s
disposed within an airflow path.

4. A water recovery device, as claimed 1n claim 3, wherein
the heating line communicates with a heat source, the heat
source configured to regulate a temperature of the heating line
such that the temperature of the heating line 1s increased when
the temperature of the heating line falls below a temperature
threshold.
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5. The water recovery device, as claimed in claim 3, further
including an electrical heating element, the electrical heating
clement adding heat energy to the chamber and being dis-
posed within the defined airflow path of the chamber.

6. The water recovery device, as claimed in claim 5,
wherein the electrical heating element and the heat exchanger
simultaneously add heat energy to the chamber.

7. A water recovery device recovery device, as claimed in
claim 1, wherein the heat source 1s configured to regulate a
temperature of a heating line such that the temperature of the
heating line 1s 1ncreased when the temperature of the air-
stream falls below a temperature threshold.

8. A water recovery device, as claimed 1n claim 1, wherein
an electrical heating element adds heat energy to the chamber,
and wherein the electrical heating element 1s disposed within
the defined airtlow path of the chamber.

9. A water recovery device, as claimed 1n claim 8, wherein
the electrical heating element 1s disposed 1n at least one des-
iccant tray such that an airflow 1s warmed prior to flowing past
a desiccant media located in the desiccant tray.

10. The water recovery device, as claimed 1n claim 1,
turther including an electrical heating element, wherein at
least one desiccant tray includes a desiccant media cartridge,
the electrical heating element disposed within an airflow path
such that an airflow 1s warmed before passing the desiccant
media cartridge.

11. A water recovery system comprising:

(a) a water recovery device including:

(1) a desiccant stack including a chamber defining an
airtlow path therein, the desiccant stack including a
plurality of desiccant trays, each desiccant tray
including a desiccant media cartridge and an amount
of liquid desiccant placed within the desiccant tray
and being absorbed by a media material of the media
cartridge;

(2) a condenser communicating with the desiccant stack;

(3) a heat source operative to add heat energy to the
desiccant stack;

wherein an airstream within the water recovery device 1s

warmed prior to or during an extraction cycle, the extrac-

tion cycle operative to remove a retained water vapor

from within the chamber, the condenser providing a

cooling source to condense the water vapor and thereby

producing an amount of water condensate;
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(b) a controller incorporated 1n the device for controlling
functioning of the water recovery device to include an
extraction cycle, the water recovery device further
including a plurality of sensors as inputs to the control-
ler, and a plurality of valves as outputs of the controller,
the valves being located within a heat transport line of
the water recovery device; and

(¢) a communications node incorporated within a commu-
nications system enabling the water recovery device to
communicate within the communications system.

12. A water recovery system, as claimed in claim 11,
wherein the heat energy 1s added to the desiccant stack using
a water or glycol-based heat exchanger.

13. A water recovery device, as claimed in claim 12,
wherein the heat exchanger further includes a heating ele-
ment disposed below a heating line, the heating line transter-
ring heat to the heating element, and wherein the heating
clement 1s disposed within an airflow path.

14. A water recovery device, as claimed 1 claim 12,
wherein an electrical heating element adds heat energy to the
desiccant stack, and wherein the electrical heating element 1s
disposed within the defined airtlow path of the desiccant
stack.

15. The water recovery device, as claimed in claim 14,
wherein the electrical heating element and the heat exchanger
add heat energy to the desiccant stack simultaneously.

16. A water recovery device, as claimed 1n claim 11,
wherein the heating line communicates with a heat source, the
heat source configured to regulate a temperature of the heat-
ing line such that the temperature of the heating line 1is
increased when the temperature of the heating line falls below
a temperature threshold.

17. The water recovery device, as claimed in claim 11,
further including an electrical heating element, the electrical
heating element disposed within an airtlow path such that an
airstream 1s warmed before passing the desiccant media car-
tridge.

18. The water recovery device, as claimed in claim 11,
turther including an electrical heating element, the electrical
heating element adding heat energy to the desiccant stack and
being disposed within the defined airflow path of the desic-
cant stack.
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